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Abstract

Optical measurement techniques have been widely used for the
determination of thin film thicknesses and optical constants. This
standard operating procedure (SOP) presents a specific protocol for the
determination of nanomaterial thin-film thicknesses and their optical
constants — including the refractive index (RI) and the extinction
coefficient — using a Filmetrics F40-UV Thin Film Analyzer. Procedures
and recommendations of instrument preparation and parameters, sample
measurement, and results analysis are included. The procedure applies to
a wide range of nanomaterial thin films in the thickness range from
approximately 4 nm to 25 um.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Preface
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Unit Conversion Factors

Multiply By To Obtain
angstroms 0.1 nanometers
Microns (um) 1.0 E-06 meters
Nanometers (nm) 1.0 E-09 meters
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1 Introduction

Background

Very thin layers of materials (thin films) that are applied to a variety of
surfaces are extremely important for many technology-based industries.
Thin films are widely used for a range of purposes, such as for insulating
layers between conductors, creating diffusion barriers, and providing
protective coatings for scratch-and-wear resistance. Thin-film thickness is
typically in the range from sub-nanometer (<1 nm, or <0.001um) to
hundreds of microns thick (>100 um) (Adams 1990). To ensure the film
functions properly, thin films must have the proper characteristics, such as
thickness, composition, and roughness. Measurements of those
characteristics are essential for materials development and process
evaluation in thin film-related applications.

Objective

This standard operating procedure (SOP) describes how to determine
nanomaterial film thickness using a Filmetrics F40-UV Thin Film
Analyzer. This SOP was developed under Task 1: “Materials evaluation and
characterization” of the project “Advancing Carbon Nanomaterials-Based
Device Manufacturing through Life Cycle Analysis, Risk Assessment, and
Mitigation.”

Approach

There are several techniques for measuring thin film thickness, including
optical techniques (Adams 1990). Generally, optical techniques determine
the thin film thickness based on how light propagates through, reflects, or
is absorbed by the thin film (Poelman and Smet 2003). Optical techniques
are usually the preferred method for measuring thin films because they are
accurate, nondestructive, and require little to no sample preparation. The
two most common optical measurement types are spectral reflectance and
ellipsometry.

Spectral reflectance measures the amount of light reflected from a thin
film over a range of wavelengths, with the incident light perpendicular to
the sample surface (Poelman and Smet 2003). Ellipsometry measures the
change of polarization upon reflection or transmission and compares it to
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a model (Tompkins and Irene 2005). In general, spectral reflectance and
ellipsometry are similar techniques. Spectral reflectance is much simpler
and less expensive than ellipsometry, but it is restricted to measuring less
complex structures only.

In a spectral reflectance technique, the amplitude and numbers of the
reflectance of a thin film are determined by the film’s thickness, optical
constants, and roughness. In cases where there is more than one interface,
it is not possible to determine n and k at each wavelength individually. In
practice, mathematical models are used that describe n and k over a range
of wavelengths using only a few adjustable parameters. A film’s properties
are determined by calculating reflectance spectra based on trial values of
thickness, as well as the n and k model parameters, and then adjusting
these values until the calculated reflectance matches the measured
reflectance.

This SOP has been developed based on the manufacturer’s operating
manual and it applies to thin films of nanomaterials with thicknesses in
the sub-micron or nanometer (nm) range. The nanomaterial thin film
must be transparent or semi-transparent in order to have enough
reflectance to measure.
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2 Terminology

2.1 Related Documents

e Filmetrics F40 Thin-Film Analyzer Operation Manual
2.2 Definitions

e Refractive index (n): RI is defined as the ratio of the speed of light in a
vacuum to the speed of light in the material.

e Extinction coefficient (k): This is a measure of how much light is
absorbed in the material.



ERDC/EL CR-19-1

3.1

3.2

Materials and Apparatus

Materials

e Nanomaterial sample thin films

e NIST-traceable thickness standard (available from various vendors)
e Filmetrics-angled block (Filmetrics part number 230-0247)

e Wafer-handling tweezers

Apparatus

e Filmetrics F40-UV Thin-Film Analyzer equipped with LS-DT2 light
source (deuterium and tungsten-halogen light), Filmetrics F40
spectrometer, optical light microscope with adjustable stage, and a
CCD camera
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4.1

4.2

Procedure

Experiment Preparation
4.1.1 Sample preparation

Typically, no sample preparation is needed. The nanomaterial sample film
should be on a flat, clean substrate. Most samples can be directly tested as-
is. If samples need to be pretreated prior to the test, record the treatment
in the proper notebook.

4.1.2 Instrument Start-up

Ensure the instrument has been correctly set up, and that all optical cables
are not bent. First, turn on the cooling fan on the backside of the LS-DT2
light source unit. Turn on the tungsten-halogen lamp by pressing the red
button on the front panel. The button will latch in place (toggle button)
and the status indicator will illuminate continuously. Next, turn on the
deuterium (D2) lamp by pressing the blue button on the front panel. The
D2 lamp will enter an automated start-up sequence where the indicator
will flash slowly at the beginning. When the lamp ignites, the indicator will
illuminate continuously. Switch on the computer with F40 software
installed. The F40 spectrometer and microscope always stay on.

The F40-UV Thin-Film Analyzer has measurement specifications as
follows:

e Wavelength range: approximately 200 to 1100 nm
e General Precision: 0.1 nm

e Stability: 0.07 nm

e Thickness range: approximately 4 nm to 2 pm

e Spot size: 33 um (with 500-pm Aperture)

Sample Measurement
4.2.1 Select Film Recipe

A film recipe is the defined model that will be used to process the
reflection data of the captured image and thus to calculate the target film
thickness.
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Select the film structure to be measured from the recipe list on the main
screen. For unknown materials, n and k files need to be created for the
recipe. Refer to Filmetrics F-40 operation manual for detailed procedure
of obtaining n and k values for unknown materials.

4.2.2 Edit the Film Recipe

To edit the film stack, open the “Measure” Tab and click on “Edit
Recipe.” The “Edit Recipe” dialog box will be opened as shown in Figure
1. This dialog box shows the stored specifications of the structure from the
given recipe. Check to see that the film stack matches that of the current
sample. Different films can be selected using either the drop-down menu
next to the material or through the “Search” function.

A new layer of material can be added by clicking the “+” button. An
existing layer can be deleted by clicking the “x” button. Note that the
“substrate” and “medium” always need to be defined. Once the changes
have been made, the recipe can be saved by clicking on the save icon.

If n and k values also need to be measured, enable the optical-constants-
solving function under the “Composition” options.

Figure 1. Material library page.
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4.2.3 Baseline Measurement

A baseline measurement should be performed before measuring any
sample. Obtain a baseline measurement by clicking on the “Baseline”
button on the main screen. A dialog box will appear. Follow the steps on
the screen to perform a baseline measurement. Be sure to use the Angled
BK7 reflectance standard when the dialog asks to do so.

4.2.4 Sample Measurement

Open both the field diaphragm and the aperture diaphragm located
between the light source and the microscope column. In addition, turn on
the shutter by depressing the “Shutter” button on the light source. Focus
the image by adjusting the distance from the sample to the objective. To
obtain a sample measurement, place the sample on the stage and click on
the “Measure” button on the main page. The software will then acquire
the reflectance spectrum and calculate the corresponding thickness. If the
measurement was successful, the calculated reflectance will coincide with
the measured reflectance.

Figure 2. Main page: (1) standard menus, (2) measurement and history tab,
(3) calculated thickness result, (4) Measure button, (5) Edit Recipe button,
(6) detailed information, and (7) reflectance spectra.
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4.2.5 Shut-Down

When the measurement is completed, save or record all results and close
the software. Turn off the D2 lamp and halogen lamp, and leave the
cooling fan on for an additional 15 min.
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5.1

5.2

Reporting

Analysis of Results

After testing the sample, the measured and calculated reflectance spectra
will be displayed on the graph, and the measured film thickness will be
listed in the results box in bold numbers. Report the calculated thickness
and the reflectance spectra.

QA/QC Considerations

The quality and accuracy of the result is determined by how well the
measured reflectance spectrum matches with the calculated spectrum.
This can be judged by the goodness-of-fit (GOF) value, which is a number
between 0 and 1. A GOF close to 1 indicates a good match between
measured and theoretical spectra.
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